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(57) ABSTRACT 

An apparatus, a method of videoconferencing and a video 
conferencing system are disclosed herein. In one embodi 
ment, the apparatus includes: (1) a monitor configured to 
Switch between a display mode and a reflecting mode and (2) 
a camera located in front of the monitor, the camera posi 
tioned to face the monitor and synchronized with the monitor 
to capture a local image reflected therefrom during the reflect 
ing mode. 
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APPARATUS FOR CORRECTING GAZE, A 
METHOD OF VIDEOCONFERENCING ANDA 

SYSTEM THEREFOR 

TECHNICAL FIELD 

This application is directed, in general, to interactive video 
displays, such as, a videoconferencing terminal. 

BACKGROUND 

This section introduces aspects that may be helpful in 
facilitating a better understanding of the disclosure. Accord 
ingly, the statements of this section are to be read in this light 
and are not to be understood as admissions about what is in 
the prior art or what is not in the prior art. 

Communication via computer networks frequently 
involves far more than transmitting text. Computer networks, 
Such as the Internet, can also be used for audio communica 
tion and visual communication. Still images and video are 
examples of visual data that may be transmitted over Such 
networks. 
One or more cameras may be coupled to a computing 

device. Such as a personal computer (PC), to provide visual 
communication. The camera or cameras can then be used to 
transmit real-time visual information, Such as video, over a 
computer network. Dual transmission can be used to allow 
audio transmission with the video information. Whether in 
one-to-one communication sessions or through videoconfer 
encing with multiple participants, participants can communi 
cate via audio and video in real time over a computer network 
(i.e., voice-video communication). 

During video conferences, the cameras and images of 
remote users are physically separate. This leads to partici 
pants appearing not to look at the camera but to an off-axis 
location, which many video conferencing participants find 
uncomfortable and annoying. This gaze misdirection is often 
cited as one of the major Subjective issues in conferencing, 
especially during one on one meetings. This problem requires 
that, relative to the user, the direction of the image of the 
remote user and the direction of the camera should be coin 
cident, which is generally impractical. 

SUMMARY 

One aspect provides an apparatus. In one embodiment, the 
apparatus includes: (1) a monitor configured to Switch 
between a display mode and a reflecting mode and (2) a 
camera located in front of the monitor, the camera positioned 
to face the monitor and synchronized with the monitor to 
capture a local image reflected therefrom during the reflecting 
mode. 

In another embodiment, a method of videoconferencing is 
disclosed. In one embodiment, the method includes: (1) 
Switching a monitor between a display mode and reflecting 
mode and (2) capturing a local image reflected from the 
monitor during the reflecting mode employing a camera, the 
camera located in front of the monitor and positioned to face 
the monitor. 

In yet another embodiment, a videoconferencing system is 
disclosed. In one embodiment, the videoconferencing system 
includes a first videoconferencing terminal connectable to 
Support a videoconferencing session video with a second 
Videoconferencing terminal via a telecommunications net 
work, wherein the first terminal has: (1) a microphone con 
figured to generate an audio signal based on acoustic energy 
received thereby, (2) a speaker configured to generate acous 
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2 
tic energy based on an audio signal received thereby, (3) a 
monitor configured to Switch between a display mode and a 
reflecting mode and (4) a camera located in front of the 
monitor, the camera positioned to face the monitor and Syn 
chronized with the monitor to capture a local image reflected 
therefrom during the reflecting mode. 

BRIEF DESCRIPTION 

Reference is now made to the following descriptions of 
embodiments, provided as examples only, taken in conjunc 
tion with the accompanying drawings, in which: 

FIG. 1 is a schematic block diagram of an embodiment of 
a videoconferencing infrastructure within which a videocon 
ferencing terminal constructed according to the principles of 
the disclosure may operate; 

FIG. 2 is a side elevation view of an embodiment of a 
Videoconferencing terminal, e.g., of the videoconferencing 
infrastructure of FIG. 1, constructed according to the prin 
ciples of the disclosure; and 

FIG.3 is a flow diagram of one embodiment of a method of 
Videoconferencing carried out according to the principles of 
the disclosure. 

DETAILED DESCRIPTION 

Even with Voice-video communication, videoconferenc 
ing sessions can seem rigid with Strained interaction between 
participants. To improve interaction and provide an immer 
sive feel for users, various devices have been used. These 
conventional devices, however, may be distracting to users, 
may cause poor image quality or may increase the size of a 
monitor to uncomfortable proportions. 

This disclosure provides an apparatus for correcting the 
gaze of a user. The disclosed apparatus, Such as a computer 
terminal, employs the front Surface or screen of a monitor 
(e.g., a liquid crystal display (LCD) monitor) as a low effi 
ciency mirror and a camera (e.g., a video camera) located 
either above, below or to the side of the monitor to capture an 
image of the user. The light source illumination of the monitor 
is deactivated when the camera captures images. The light 
source illumination may be synchronously strobed with the 
exposures of the camera. The high Strobe rate, for example at 
a frequency of 120 Hz, of the monitor's light source can 
essentially make the strobe effect undetectable by a user, 
while timing the exposures of the camera with the “off” state 
of the light source ensures that the camera images do not 
include visual data originating from the monitor itself (e.g., a 
remote image being displayed on the monitor). The disclosed 
apparatus may be a computer terminal that is used for video 
conferencing (i.e., a videoconferencing terminal). 
As disclosed herein, the camera may be positioned in front 

of a user and pointing towards the monitor. The monitor may 
be placed at a normal position in front of the user, pointing 
slightly downwards. The image of the user is displayed on the 
monitor (i.e., the user image is reflected therefrom) and 
aligned Such that the user appears to be looking directly 
towards the camera. The user's image that is captured by the 
camera is enhanced by Synchronizing the capturing of the 
reflected image with the deactivation of the light source illu 
mination of the monitor. The monitor may be a LCD monitor 
used with a controller or computing device to effectively time 
interlace a regular image and a black image. A synchroniza 
tion signal from, for example, the controller, may be used to 
time the exposures of the camera and the operation of the light 
source. The controller may be integrated with the monitor, the 
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camera or may be an independent computing device that 
provides the synchronization signal to the monitor and the 
CaCa. 

In some embodiments, the synchronization signal could be 
transmitted wirelessly and broadcast to multiple monitors 
and/or other devices in the room, Such as environmental light 
systems. In some embodiments, the synchronization signal 
can be used to control other environmental effects associated 
with the monitor and camera. For example, the lighting of a 
user's face can improve the captured image of the user, but the 
glare of lights in the face is uncomfortable. As such, the 
lighting of the user's face could be timed to be synchronized 
with the camera exposures and off at other times. This would 
improve the efficiency of the lighting and generally reduce the 
perceived brightness of the lights by around fifty percent. 
Similarly, the ambient lighting of the room could be synchro 
nized to appear normal to the local viewer, but “off to the 
CaCa. 

FIG. 1 is a schematic block diagram of one embodiment of 
a videoconferencing infrastructure 100 within which a vid 
eoconferencing terminal constructed according to the prin 
ciples of the disclosure may operate. This embodiment of the 
videoconferencing infrastructure 100 is centered about a tele 
communications network 110 that is employed to intercon 
nect two or more videoconferencing terminals 120, 130, 140, 
150 for communication of video signals or information, and 
perhaps also audio signals or information, therebetween. An 
alternative embodiment of the videoconferencing infrastruc 
ture 100 is centered about a computer network, such as the 
Internet. Still another embodiment of the videoconferencing 
infrastructure 100 involves a direct connection between two 
videoconferencing terminals, e.g., connection of the video 
conferencing terminals 120, 130 via a plain old telephone 
(POTS) network. As represented in the videoconferencing 
terminal 120, the videoconferencing terminals 120, 130, 140, 
150, may include components typically included in a conven 
tional videoconferencing terminal. Such as, a microphone, a 
speaker, a monitor and controller. Additionally, the videocon 
ferencing terminals 120, 130, 140,150, may include a camera 
located in front of the monitor and positioned to face the 
monitor and capture an image reflected therefrom. The front 
or viewing side of the monitor is the screen-side of the moni 
tor where displayed images are viewed. 

The microphone can be configured to generate an audio 
signal based on acoustic energy received thereby, and the 
speaker can be configured to generate acoustic energy based 
on an audio signal received thereby. The monitor can include 
a display Screen that provides a visual output and the control 
ler can be configured to direct the operation of the terminal. 
Unlike conventional terminals, the controller may also be 
configured to provide a synchronization signal to control 
operation of the camera with the light source of the monitor. 
The videoconferencing terminals 120, 130, 140, 150, may be 
computer terminals, including but not limited to, a personal 
computer, a laptop, a computing pad, a personal digital assis 
tant (PDQ) or a mobile telephone. 

FIG. 2 is a side elevation view of an embodiment of a 
videoconferencing terminal 200, e.g., of the videoconferenc 
ing infrastructure of FIG. 1, constructed according to the 
principles of the disclosure. The videoconferencing terminal 
200 includes a monitor 210, a camera 220 and an exposure 
controller 230. 
The monitor 210 includes a screen 215 and a light source 

217 (e.g., a backlight) and is configured to provide an image 
for viewing, such as, a remote image communicated over the 
telecommunications network 110 of FIG. 1 from a remote 
Videoconferencing terminal. The remote image may be from 
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4 
a first location that is a remote location from the monitor 210 
which is at a second location. In some embodiments, the first 
location and the second location may be located proximate 
each other. For example, the first location and the second 
location may be located in the same building or may be 
separated by a wall. 
The monitor 210 may be a flat panel display (FPD) moni 

tor. In one embodiment, the monitor 210 is a LCD monitor. In 
an alternative embodiment, the monitor 210 is a liquid-crys 
tal-on-silicon (LCoS) monitor. In further alternative embodi 
ments, the monitor 210 is another conventional or later-de 
veloped FPD technology that employs a light source to 
provide images for viewing. Those skilled in the pertinent art 
understand the structure and operation of conventional FPDs 
having a display Screen and a light source. 
The monitor 210 is configured to switch between a display 

mode and a reflecting mode. In the display mode, the monitor 
210 provides an image for viewing as in a conventional moni 
tor. In the display mode, the light source 217 is activated to 
provide the image on the screen 215. In the reflecting mode, 
the light source 217 of the monitor is deactivated to provide a 
black surface at the screen 215 to reflect a user image to be 
captured by the camera 220. 
The camera 220 is located in front of the monitor 210 and 

positioned to face the monitor 210 and capture an image 
reflected therefrom during the reflection mode. The camera 
220 may be a conventional webcam. The local image may be 
the face of a local user in front of the monitor 210. The local 
user may be, for example, employing the monitor 210 for a 
Videoconferencing session or recording a video blog. The 
camera 220 may be coupled to the monitor 210 via conven 
tional audio-video cable (not shown) to transmit the captured 
image to the monitor 210 for, for example, transmission to 
another terminal for video conferencing. Wireless connec 
tions may also be employed. 
The camera 220 includes a base 225 that is designed to 

support the camera 220 and allow the camera 220 to be tilted 
to adjust the field of view. One skilled in the pertinent art will 
understand the structure and operation of a base that allows 
the field of view of the camera 220 to be adjusted. The field of 
view may be adjusted to align with the angle that the local 
image is reflected (i.e., the angle of reflection) from the moni 
tor 210. 
As illustrated in FIG. 2, the camera 220 may be coupled to 

a keyboard associated with the monitor 210. The camera 220 
may be coupled to the keyboard via a conventional means. 
The camera 220 may also be fastened to the monitor 210 via 
an arm 227 as indicated by the dashed line in FIG. 2. The 
distance the camera 220 is extended from the monitor 210 or 
positioned in front of the monitor 210 may be based on the 
type of monitor 210 (e.g., the size of the monitor 210). The 
distance may be known based on experimentation. In some 
embodiments, a particular distance for various types of moni 
tors may be marked on the arm 227 to position the camera 
220. The arm 227 may be mechanically coupled to the moni 
tor 210 through conventional means and may be attached at 
various locations on the monitor 210 that allow the camera 
220 to be positioned in front of the monitor 210. For example 
with respect to the monitor 210, the arm 227 may support the 
camera 220 from the bottom of the monitor 210. In other 
embodiments, the arm 227 may support the camera 210 from 
sides of the monitor 210 of from the top of the monitor 210. 
Additionally, the camera 220 may be attached to the top side 
of the keyboard, to the left side or, as illustrated, to the right 
side of the keyboard. 
The exposure controller 230 is configured to provide a 

timing signal that synchronizes the camera 220 to capture the 
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reflected image during the reflecting mode. As such, the expo 
sure controller 230 may operate switches to control the illu 
mination of the screen 215 to alternate between the display 
mode and the reflecting mode. The exposure controller 230 
may be a computing device that is external to the monitor 210 5 
and the camera 220 as illustrated in FIG. 2. Additionally, as 
indicated by the dashed boxes in the monitor 210 and the 
camera 220, the exposure controller 230 may be integrated 
with the monitor 210 or the camera 220. As such, the exposure 
controller 230 may be integrated with a controller of the 10 
monitor 210 or a controller of the camera 220. For example, 
the exposure controller 230 may be a processor typically 
included in an array-type LCD device that in addition to the 
various functions typically performed. Such as directing the 
backplane for LCD pixels, is configured to perform the func- 15 
tions described herein. 

The exposure controller 230 may be configured to direct 
the light source 217 to cycle between a display mode (an 
illumination cycle) and a reflecting mode (a black cycle). 
During the display mode, the light source 217 is on and the 20 
display pixels are illuminated. During the reflecting mode, 
the light source 217 is off and an image is reflected from the 
black screen. The percentage of time where the light Source 
217 is on versus when the light source 217 is off can vary in 
different embodiments depending on the efficiency of the 25 
image sensors. In some embodiments, the light source 217 is 
cycled off 10% or about 10% of the time. In other embodi 
ments, the light source 217 may cycle off up to or about to 
50% of the time. The exposure controller 270, therefore, may 
direct the light source 217 to cycle off within a range of 10%. 30 
to 50% of the time. In some embodiments, the exposure 
controller 270 may direct the light source 217 to cycle off 
greater than 50% of the time. Increasing the reflection time 
may improve camera signal-to-noise ratio while decreasing 
the reflection time may reduce the apparent brightness of any 35 
environmental illumination. As such, both increasing and 
decreasing the reflection time can be beneficial depending on 
the various environments. 

In one embodiment, the exposure controller 230 provides 
the timing signal to switch the monitor 210 between the 40 
display mode and the reflecting mode at a frequency of 120 
Hertz. In other embodiments, the timing signal may be gen 
erated at different frequencies. The switching between the 
display mode and the reflecting mode, however, is performed 
to minimize or completely reduce detection of the Switching 45 
by the user. 

The exposure controller 230 may be one of various con 
ventional digital data processors that are programmed or store 
executable programs of sequences of software instructions to 
perform one or more of the above functions. The software 50 
instructions of Such programs may be encoded in machine 
executable form on conventional digital data storage media, 
e.g., magnetic or optical disks, random-access memory 
(RAM), magnetic hard disks, flash memories, and/or read 
only memory (ROM), to enable various types of digital data 55 
processors or computers to perform one, multiple or all of the 
above described functions. 

In addition to synchronizing the operation of the light 
Source 217 and the camera 220, the timing signal generated 
by the exposure controller 230 may also be employed to 60 
control operation of environmental effects associated with the 
monitor or the camera. The environmental effects may 
include ambient lighting wherein the ambient lighting is 
turned off during the reflecting mode. The environmental 
effects, including the ambient lighting, may be coupled to the 65 
exposure controller 230 through a wired connection as indi 
cated in FIG. 2. In other embodiments, the connection may be 

6 
wireless. Both the wireless and wired connections, for these 
and other connections associated with the exposure controller 
230, may be via conventional means. 
As noted above, the exposure controller 230 may alternate 

on/off images at a frequency of 120 Hz. In one embodiment, 
the exposure controller 230 may be a video adaptor that 
generates an electrical synchronization signal as the timing 
signal to control exposure time of the camera 220 to corre 
spond with the frequency of the images being displayed. The 
video adaptor may be a Nvidia Quadro 570. In alternative 
embodiments, images may be continuously displayed on the 
monitor 210 and the timing signal may be used to synchro 
nously enable strobing of the light source 217 (e.g., a LCD 
backlight) with exposures of the camera 220. 

FIG.3 is a flow diagram of one embodiment of a method of 
Videoconferencing carried out according to the principles of 
the disclosure. A videoconferencing terminal including a 
monitor and a camera as described with respect to FIG. 1 or 
FIG. 2 may be employed for the method 300. The method 
begins in a step 305. 

In a step 310, a monitor is switched between a display 
mode and a reflecting mode. Switching between the modes 
may be controlled by a timing signal. The timing signal may 
be generated by an exposure controller. In some embodi 
ments, the exposure controller may be integrated with a moni 
tOr Or a Camera. 

During the reflecting mode, a local image reflected from 
the monitor (i.e., a screen of the monitor) is captured in a step 
320. The local image may be captured by a camera located in 
front of the monitor and positioned to face the monitor. The 
local image is reflected from the monitor at an angle of reflec 
tion and the camera captures the local image at the angle of 
reflection. The camera may be mechanically coupled to the 
monitor. The local image can be captured to be displayed at 
another location. As such, users at different locations may 
participate in a video conference. For example, the local 
image may be of a local user of the monitor and the camera is 
positioned between the local user and the monitor. During the 
reflecting mode, the light source of the monitor is deactivated 
by the timing signal. This reduces or eliminates light origi 
nating from the monitor. 

In a step 330, a remote image is provided on the monitor 
during the display mode. While providing the remote image, 
the light Source of the monitor is activated by the timing 
signal. As such, operation of the light source of the monitoris 
synchronized with the reflecting and display modes. In one 
embodiment, Switching between the display mode and the 
reflecting mode may occur at a frequency of 120 Hertz. 

In a step 340, operation of environmental effects associated 
with the monitor or the camera are controlled based on the 
display mode and the reflecting mode. The operation of the 
environmental effects may be controlled by the timing signal. 
The environmental effects may include ambient lighting for 
the monitor and camera. The method 300 then ends in a step 
340. 

Those skilled in the art to which the application relates will 
appreciate that other and further additions, deletions, Substi 
tutions and modifications may be made to the described 
embodiments. Additional embodiments may include other 
specific apparatus and/or methods. The described embodi 
ments are to be considered in all respects as only illustrative 
and not restrictive. In particular, the scope of the invention is 
indicated by the appended claims rather than by the descrip 
tion and figures herein. All changes that come within the 
meaning and range of equivalency of the claims are to be 
embraced within their scope. 
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What is claimed is: 
1. An apparatus, comprising: 
a monitor configured to switch between a display mode and 

a reflecting mode; and 
a camera located in front of said monitor, said camera 

positioned to face said monitor and synchronized with 
said monitor to capture a local image reflected therefrom 
during said reflecting mode. 

2. The apparatus as recited in claim 1 further comprising an 
exposure controller configured to provide a timing signal that 
synchronizes said capture with said reflecting mode. 

3. The apparatus as recited in claim 2 wherein said expo 
Sure controller is associated with said monitor. 

4. The apparatus as recited in claim 1 wherein said monitor 
switches between said display mode and said reflecting mode 
at a frequency of 120 Hertz. 

5. The apparatus as recited in claim 1 wherein said monitor 
is a LCD monitor having a light source and said light source 
is activated during said display mode and said light source is 
deactivated during said reflecting mode. 

6. The apparatus as recited in claim 1 wherein a timing 
signal is employed to control switching between said display 
mode and said reflecting mode and employed to control 
operation of environmental effects associated with said moni 
tor or said camera. 

7. The apparatus as recited in claim 6 wherein said envi 
ronmental effects include ambient lighting for said apparatus 
and said ambient lighting is turned off during said reflecting 
mode. 

8. A method of videoconferencing, comprising: 
Switching a monitor between a display mode and reflecting 
mode; and 

capturing a local image reflected from said monitor during 
said reflecting mode employing a camera, said camera 
located in front of said monitor and positioned to face 
said monitor. 

9. The method as recited in claim 8 further comprising 
providing a timing signal to synchronize said capturing with 
said reflecting mode. 

10. The method as recited in claim 9 wherein said timing 
signal is generated by an exposure controller associated with 
said monitor. 

11. The method as recited in claim 8 wherein said switch 
ing between said display mode and said reflecting mode 
occurs at a frequency of 120 Hertz. 

12. The method as recited in claim 8 wherein said monitor 
is a LCD monitor having a light source and said switching 
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8 
includes activating said light source during said display mode 
and deactivating said light source during said reflecting 
mode. 

13. The method as recited in claim 8 further comprising 
employing a timing signal to control switching between said 
display mode and said reflecting mode and employing said 
timing signal to control operation of environmental effects 
associated with said monitor or said camera. 

14. The method as recited in claim 13 wherein said envi 
ronmental effects include ambient lighting for said apparatus, 
said method further comprising deactivating said ambient 
lighting during said reflecting mode. 

15. A videoconferencing system, comprising: 
a first videoconferencing terminal connectable to supporta 

Videoconferencing session video with a second video 
conferencing terminal via a telecommunications net 
work, wherein said first terminal includes: 
a microphone configured to generate an audio signal 

based on acoustic energy received thereby, 
a speaker configured to generate acoustic energy based 
on an audio signal received thereby, 

a monitor configured to switch between a display mode 
and a reflecting mode; and 

a camera located in front of said monitor, said camera 
positioned to face said monitor and synchronized with 
said monitor to capture a local image reflected therefrom 
during said reflecting mode. 

16. The videoconferencing system as recited in claim 15 
further comprising an exposure controller configured to pro 
vide a timing signal that synchronizes said capture with said 
reflecting mode. 

17. The videoconferencing system as recited in claim 16 
wherein said exposure controller is integrated with said moni 
tor. 

18. The videoconferencing system as recited in claim 15 
wherein said monitor switches between said display mode 
and said reflecting mode at a frequency of 120 Hertz. 

19. The videoconferencing system as recited in claim 15 
wherein said monitor is a LCD having a light source and said 
light source is activated during said display mode and said 
light source is deactivated during said reflecting mode. 

20. The videoconferencing system as recited in claim 15 
wherein a timing signal is employed to control switching 
between said display mode and said reflecting mode and 
employed to control operation of environmental effects asso 
ciated with said monitor or said camera. 
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